flanking sequences ( Figure 1A ) which are not present in other phosphatases. The POPX2 mRNA expression is ubiquitous, while POPX1 mRNA expression, like PAK's, is high in brain and testis (see information at www. kazusa.or.jp/en/). 
tion are not known. We now report two PP2C-like ser-(which are conserved in ␣PIX) were required to associate ine/threonine phosphatases (POPX1 and POPX2) that with both phosphatases (Figure 2A and Figure S1 [availefficiently inactivate PAK. POPX1 was isolated as a able with this article online]). The PIX N-terminal SH3 binding partner for the PAK interacting guanine nucledomain binds the conventional PAKs (␣, ␤, and ␥ isootide exchange factor PIX [2]. The dephosphorylating forms) [2], but no binding site is present in nonconvenactivity of POPX correlates with an ability to block the tional PAK4/5/6. To confirm that ␣PAK, PIX, and POPX in vivo effects of active PAK. Consonant with these could form trimeric complexes, GST-POPX1 or GSTeffects on PAK, POPX can also inhibit actin stress POPX2 were coexpressed with HA-PAK, with and withfiber breakdown and morphological changes driven out Flag-␤1PIX. HA-PAK could be detected in the GST by active Cdc42
V12
. The association of the POPX phospull-down only when ␤1PIX was present ( Figure 2B ). The phatases with PAK complexes may allow PAK to cycle results show PAK and POPX bind to different regions of rapidly between active and inactive states; it repre-PIX and that a trimeric complex of POPX-PIX-PAK can sents a unique regulatory component of the signaling form in vivo. pathways of the PAK kinase family.
Results and Discussion

POPX Can Dephosphorylate and Downregulate PAK PIX Interacts with Novel Phosphatases
The ability of Cdc42 to activate ␣PAK in COS-7 cells was We isolated human POPX1 (Partner of PIX), a PP2C-compromised by coexpression of either phosphatases like phosphatase, as a PIX-interacting protein in a two-( Figure 3A ). While Cdc42 V12 increased ␣PAK kinase activhybrid screen using full-length ␣PIX as bait: ␤PIX was ity 25-fold, coexpression of POPX2 or POPX1 signifisubsequently found to bind as efficiently (see Figure  cantly antagonized ␣PAK activation. PP2C phospha-2A showed SF loss due to ␣PAKL107F injection ( Figure 4A ). used phospho-specific antibodies against ␣PAK P-Thr422
Cells showing incomplete loss of SFs were not scored. (Figure 3B, lower panel) , which proved to be an excellent In cells preinjected with POPX1 or POPX2, this value substrate for POPX2. Similarly, complete loss of ␣PAK was reduced to ‫%54ف‬ and ‫,%32ف‬ respectively ( Figure  4A ). However, when POPX1 was coexpressed with P-Ser57 with 0.2 g POPX2 contrasts with the slight In control injections, the PAK-kinase inhibitory domain KID reduced SF loss to ‫%05ف‬ (Figure 4B ), while kinaseinactive PAK (␣PAK-kd) reduced SF loss to 31%, which was similar to effects of POPX2 expression. However, no additional protective effects toward SF breakdown were seen when ␣PAK-kd and POPX2 were coexpressed. Although POPX2 might dephosphorylate other related Cdc42 effectors such as PAK4 [14] , which are probably unaffected by ␣PAK-kd or KID, we suggest the major target is ␣PAK itself.
In conclusion, we have found two PP2C-like serine/ threonine phosphatases that interact with PIX, dephosphorylate PAK, and downregulate the kinase. Although many targeting and regulatory subunits for PP2A have been found, none has yet been reported for the PP2C phosphatases. Our data suggest that ␤1PIX may act as a targeting subunit for the PP2C-related phosphatases tivation of PAKs. Our study provides a strong support
